Contaminants such as organochlorines and heavy metals are found in the Arctic environment as a result of long-range atmospheric and oceanic transport and local mining activities (1) . Potential health effects on indigenous peoples are a concern because humans are at the top of the food chain and some of these pollutants are known to bioaccumulate (2, 3) . Results of preliminary dietary exposure assessment and maternal cord blood monitoring studies showed that some groups of indigenous people are exposed to high levels of contaminants such as toxaphene, polychlorinated biphenyls (PCBs), chlordane, mercury, and cadmium from the consumption of traditional food (4) (5) (6) . We have previously reported the mean contaminant intake levels in an Arctic Inuit community of Qikiqtarjuaq on Baffin Island, Canada (6) (7) (8) . The main purpose of these studies was to identify the contaminants of concern and their sources in the diet. It is, however, more important for risk assessors and risk managers that the distribution of exposure levels is characterized in detail [intake] and the usual intake levels of the high-end consumers are described. The usual intake is defined by Beaton (9) as "the average [daily] intake persisting over weeks or months, not days." The major issues of the number of overexposed individuals in the population and the intake of the high-exposure individuals stil remain unanswered.
Conducting dietary exposure assessment in Arctic communities is a challenge because of the variation of intake due to seasonal availability of the food, family harvest variability, and large intrinsic variation of contaminants in the food. The latter factor is compounded by the limitation of sample size due to logistic reasons. Based on similar reasons, the use of statistical models for exposure/risk assessment has been gaining popularity in the last few years (10) (11) (12) . Statistical methods for estimating usual exposure levels have been developed and evaluated by various researchers (13) (14) (15) . However, there are no methods available that are entirely appropriate for the conditions of our data set, a data set which is typical of those collected from Arctic communities (i.e., marked seasonal variation, no more than one observation day per subject per season, and many subjects with missing data in many seasons). Therefore, an alternative, novel method was developed.
In this study, we present the development of a methodology for estimating the distribution of usual daily contaminant intake. This method addresses the variation of intakes due to seasonal dietary pattern and contaminant concentrations in traditional food to arrive at an estimate of usual daily contaminant intake. Using this methodology, we reanalyzed the Qikiqtarjuaq data and describe the population distribution of the intakes of mercury, PCBs, toxaphene, and chlordane.
To as filll an extent as possible, the modeling, analyses, and presentation in this paper follow the fourteen principles "of good practice for the use of Monte Carlo Techniques" oudined by Burmaster (-) .
Measurement of contaminant levels in traditionalfoods. Samples of 90 traditional foods were collected in the forms normally consumed (e.g., raw, aged, boiled) by trained Inuit assistants. The samples were stored at -20°C, brought to our lab in Montreal, and analyzed using standard methods, as described previously (7, 8) . A data set containing mercury, chlordane, toxaphene, and PCB concentrations in 100 food items was established (7, 8 (18) .
Analyses were performed using SAS (Version 6.1 1, SAS Institute Inc., Cary, NC).
Results
Levels of exposure of Hg, PCBs, chlordane, and toxaphene are presented in Tables 1   Table 1 Figures 1 and 2 . A sufficient numbers of iterations (100) were run so that a stable distribution was obtained (i.e., subsequent runs of the simulation will yield values ± 1% of those presented here). The guideline levels were also included in the figures. It is apparent that a high proportion of the population in the community had intake of Hg, chlordane, and toxaphene exceeding the guideline levels ( Fig. 1, 2) . The percentages of the community exceeding the guideline levels for all contaminants obtained by the three different methods are summarized in Table 3 . Estimates obtained by the 1-day method were consistently the lowest, followed by those obtained by the Monte Carlo method and then those by the Point method. About 80% of the population had intakes higher than the guideline level of mercury, 20% had intakes higher than the guideline for PCBs, 90% had intakes higher than the guideline for chlordane, and 70% had intakes higher than the guideline for toxaphene.
It is also important to show the magnitude of overexposure among the high intake groups. We calculate hazardous indices by dividing the intake levels of the 95th percentile (from the Monte Carlo method) by the guideline levels; the results are summarized in Table 4 . The high-end consumer had consumption levels at about 6 times the Hg guideline, about 2 times the PCB guideline, 30 times the chlordane guidelines and 20 times the toxaphene guideline.
Discussion
The mean levels of exposure estimated by the three different methods are similar and Volume 105, Number 3, March 1997 * Environmental Health Perspectives (males) and 2 (females). There are no differences in the mean levels of any of the four contaminants using the 1-day, Point, and Monte Carlo methods; however, the relative standard deviation was highest for the 1-day method, followed by the Monte Carlo comparable to those described in previous reports (7, 8) . If only the mean exposure is required, then the 1-day method is appropriate because it is the simplest and the quickest method; however, the mean exposure is often of minimal value (although it is most often reported) because it does not adequately communicate the intake distribution, hence, the risk to the high-end consumer can not be evaluated.
Estimates obtained by the 1-day method showed highest variability because this method includes the day-to-day variations of the diet of the individual. For example, about 25% of the dietary records showed no intake of traditional foods and thus no measured intake of contaminants (lowering the 50th centiles). However, when traditional food was consumed, it often led to high single-day intakes of contaminants, showing higher 95th intake centiles. Both the Point and Monte Carlo methods estimate the usual intakes and reflect the reality that there are few, if any, people who have no traditional or a great deal of traditional food on a regular basis. Therefore, the distribution range is more narrow, i.e., the 50th centile is higher and the 95th is lower than the 1-day estimates.
From analysis of nutrient intake (20) (21) (22) (23) , it is known that the population distribution of a single day of data will be more widely distributed than the usual intakes. Except in cases of acute exposure, it is the usual intakes with which nutritionists and toxicologists are concerned; therefore, results generated from this method probably will not accurately represent the true usual distribution of contaminant intake. Nevertheless, it is included for comparison.
Estimation using the Monte Carlo method also showed lower 50th percentile levels and higher 95th percentile levels when compared to those obtained by the Point method; however, the differences are not as great as the 1-day method. The increase in variability is due to the incorporation of the intrinsic variations of the contaminant levels in the traditional foods by the Monte Carlo method; thus, the Monte Carlo method should be a better estimate of the true distribution. The error (uncertainty) in our estimates of the c distribution is unknown. The method maies the assumption that the dietary data adequately reflect the variation in the intake, but the distribution of c in the foods has to be estimated by modeling. Three assumptions are made in the model: 1) our measured concentrations are the means; 2) the RSD is 100%; and 3) the distribution is lognormal.
The Point estimates will of course have the same error if the first assumption is incorrect. Moreover, Beaton (24) has shown that for dietary nutrient intake, if the errors in the estimates of contaminant concentration in each food are random and many foods serve as a source of the nutrient (analogous to contaminant), then the estimates of total contaminant intake will not be too far off the true value (i.e., the underestimation of contaminant intake from one food will, to a large extent, be balanced with the overestimation of contaminant intake from another food). Effects on the population distribution by varying the RSD were investigated. An example showing the population distribution of chlordane is used to illustrate the effect of varying RSD from 50% to 150% (Fig. 3) . The resulting variation of the 95th percentile estimates are less than 10%. Finally, lognormal distributions were observed for all four contaminants in over 50 species of wildlife and fish (17) . Therefore, the use of Monte Carlo methods seems to be appropriate in the assessment of Intake percentile Figure 2 . Estimation of population distribution of intake of mercury, polychlorinated biphenyls (PCBs), chlordane, and toxaphene for females using Monte Carlo statistics. Arrows indicate provisional tolerable weekly intake for mercury = 5 pg/kg/week; provisional tolerable daily intake for polychlorinated biphenyls (PCBs) = lpg/kg/day; and tolerable daily intakes for chlordane (0.05 pg/kg/day) and toxaphene (0.2 pg/kg/day). Chronic exposure of methylmercury (MeHg) has been a major concern among fish-eating populations including indigenous communities in Canada. In the Inuit community that we studied, marine mammal tissues are the main sources of all four contaminants studied (Table 5 ). The PTWI for total Hg has been set at 5 pg/kg/week ofwhich no more than 3 jig/kg/week may be methylmercury (19) . Because MeHg levels in blood and hair are commonly used as biomonitors for human population studies, they are more often used than dietary intake levels as benchmarks for exposure and effects. Therefore, using the following factorsMeHg to total Hg = 0.9:1 (25) hensive risk management scheme involving the local people is also needed. Results of this study were communicated to the community in September 1996. The Inuit populations are aware of the situation and are asking for more information in order to make better informed choices.
